ABSTRACT
T he pituitary gland of fetuses and neonates is hyperintense on T1-weighted images, with no distinct signal differences between the anterior and posterior lobes, thus differing it from the adult pituitary gland. 1 The pituitary gland plays an essential role in the maintenance of homeostasis, metabolism, reproduction, growth, and lactation and comprises 2 different parts in terms of function and embryologic origin: the adenohypophysis and the neurohypophysis. During embryologic development, the adenohypophysis is formed by the Rathke pouch, which is derived from oral ectoderm from the roof of the stomodeum. Conversely, the neurohypophysis is derived from neural ectoderm. The ventral diencephalon extends downward, forming the infundibular process, which later differentiates into the neurohypophysis. [2] [3] [4] [5] The Rathke pouch is supposed to elongate, forming the adenohypophyseal stalk and connecting to the stomodeum through a cleft surrounded by the ossification centers of the medial hypophyseal cartilages. Several disagreements remain regarding the development of the pituitary gland, such as whether remnant pituitary tissue exists at the pharynx in adulthood 6, 7 or at the craniopharyngeal canal. 8 The postsphenoid contains 2 medial and 2 lateral ossification centers, and the medial centers usually fuse to form a single ossification center, 9 but normal variations in timing are speculated to exist in terms of complete fusion of the ossification centers. [10] [11] [12] The adenohypophyseal stalk would normally be obliterated later and fully separated from the stomodeum by the development and ossification of the postsphenoid skull base cartilages. Defects in this fusion will lead to nonobliteration of the adenohypophyseal stalk connecting the Rathke pouch to the stomodeum, creating a patent canal connecting the sella turcica and pharynx, known as the craniopharyngeal canal. [13] [14] [15] A patent craniopharyngeal canal with a small diameter can be observed in healthy patients. 8 We will refer to the ossification around the Rathke pouch as "postsphenoid ossification" for simplicity in this study. 6, 16 Fetal MR imaging offers a useful tool for assessing congenital anomalies in fetuses. 17 Recent advances in MR imaging, such as the development of much faster imaging sequences, have increased the use of fetal MR imaging applications as complementary studies to ultrasonography, particularly for congenital anomalies of the fetal brain. Fetal MR imaging before 18 weeks' gestation is limited by the small size of the fetus and the higher frequency of fetal motion, in addition, some congenital anomalies may not have formed yet. Fetal MR imaging has been reported to be most beneficial in the assessment of central nervous system anomalies for which interventions can be performed, such as neural tube defects. [18] [19] [20] Congenital hypopituitarism due to either a pituitary developmental abnormality with or without additional hypothalamic and forebrain structural deformities is associated with genetic abnormalities in transcription factors and signaling molecules; therefore, visualization of the fetal pituitary is important for management of hypopituitarism. 21 Interpreting images from fetal pituitary MR imaging can be challenging due to the limited training opportunities. 19, 22 Fetal MR imaging also involves challenges such as positioning the pregnant mother in the scanner and the lack of suitable coils for pregnant women. Knowledge of normal findings for fetal pituitary, sellar, and parasellar structures is particularly important in the diagnosis of craniopharyngeal canal anomalies, but fetal MR imaging for early-stage pregnancy is currently challenging. A thorough knowledge of fetal growth and development is key to understanding both normal and abnormal fetal MR imaging findings. The purpose of this study was to investigate the size and signal intensity of the normal pituitary gland and postsphenoid ossification for formalin-fixed fetuses on MR imaging.
MATERIALS AND METHODS

Kyoto Collection
This study was approved by the local institutional review board and written informed consent was waived. About 44,000 aborted fetuses are collected and stored at the Congenital Anomaly Research Center of Kyoto University; in most cases, pregnancy was terminated for socioeconomic reasons, under the Maternity Protection Law of Japan. 23 Seventy-six induced aborted fetuses (mean age, 21.32 weeks; age range, 12-40 weeks) were randomly chosen for this study, from which the 32 fetuses (mean age, 19.93 weeks; age range, 12-31 weeks) with undamaged brains were included in the final analysis. None of the cases included in this study showed any apparent intracranial cephaloceles or tumors.
MR Imaging Parameters
All scans were conducted with a 1.5T MR imaging system (Excelart Vantage, powered by Atlas; Toshiba Medical Systems, Tokyo, Japan) with knee or head coils. After obtaining localizers, a 3D gradient-echo sequence was used for T1-weighted images 
Visual Assessment
The fetal intrasellar pituitary gland was visually evaluated to compare signal intensities of the pituitary and pons and to determine whether the anterior and posterior lobes of the pituitary could be recognized and differentiated. Postsphenoid ossification was visually evaluated to determine whether it could be recognized. If recognized, the shape of postsphenoid ossification was classified as condensed hyperintensity, diffusely spreading hyperintensity, or rim-shaped hyperintensity.
Visual inspections were performed separately by 2 neuroradiologists (Y.F., with 17 years of experience, T.M.M., with 5 years of experience). They reached a consensus in any case with a discrepancy.
ROI Analysis
ROIs were defined by 2 neuroradiologists (Y.F., 17 years of experience, T.M.M., 5 years of experience). ROIs were placed for the pituitary, pons, postsphenoid ossification, and sphenoid bone (SP) on sagittal T1WI. We used the convex hull function of ImageJ software (National Institutes of Health, Bethesda, Maryland) for pituitary gland and postsphenoid ossification, by manually choosing 10 points on the contour of the pituitary gland and postsphenoid ossification. A fixed, round ROI (diameter, 5 pixels) was used for the SP and pons (Fig 1) . The ROI of the SP was placed so as not to include hyperintensity, which corresponds to ossification in the presphenoid. The area and mean signal intensity of each ROI were calculated. The pituitary/pons ratio and postsphenoid ossification/SP signal intensity ratios were calculated. The averages of each ROI by 2 observers were adopted for further analysis.
Statistical Analysis
Interobserver agreement ( coefficient values) between the 2 observers was calculated for both signal intensity ratios and area. Linear regression analysis was conducted to reveal any changes in the pituitary/pons or postsphenoid ossification/SP signal ratios and pituitary or postsphenoid ossification area with gestational age. R 2 values were calculated.
RESULTS
Damage to the brain associated with the abortion procedure and formalin-fixation process was found in 44 cases, which were then excluded from analysis. The 32 cases with undamaged brains were included in the final analysis. No CNS abnormalities were apparent in these fetal brains.
Pituitary Gland
All fetuses showed a characteristic appearance of a homogeneous hyperintense pituitary gland compared with the pons, and no cases showed any distinction between the anterior and posterior lobes of the pituitary gland on visual inspection (Fig 2) . No change in size of the pituitary hyperintensity was apparent with gestational age (R 2 ϭ 0.001, Fig 3A) . The mean pituitary/pons signal ratio was 1.13 Ϯ 0.18, and a slight increase with gestational age was identified (R 2 ϭ 0.243; Fig 3B) . Interobserver agreement was substantial ( ϭ 0.67) for the pituitary/ pons signal ratio.
Postsphenoid Ossification
Postsphenoid ossification was identified as an intrasphenoidal hyperintensity on T1WI in 27 of the 32 cases (84%). The shape of the postsphenoid ossification was recognized as condensed hyperintensity in 15 cases (55%), diffusely spread hyperintensity in 4 (15%), and rim-shaped hyperintensity in 8 (30%) (Fig 4) . Postsphenoid ossification showed an increase in size with increasing gestational age (R 2 ϭ 0.307, Fig 5A) . Th mean postsphenoid ossification/SP signal ratio was 2.14 Ϯ 0.56 and did not show any increase with gestational age (R 2 ϭ 0.05, Fig 5B) . Interobserver agreement was moderate ( ϭ 0.59) for postsphenoid ossification/SP signal ratio.
DISCUSSION
The pituitary gland showed a homogeneous hyperintense signal on MR imaging in all fetuses, and no distinction between adenohypophysis and neurohypophysis was evident in this study. Although previous reports have shown pituitary hyperintensity in neonates and fetus older than 21 weeks, 1, 20 hyperintensity of the pituitary gland was also demonstrated in fetal specimens younger than 21 weeks of gestation in this study. Histologic changes within the anterior pituitary lobe with increasing amounts of endoplasmic reticulum, high-level synthesis of pituitary protein, and the higher fraction of bound water molecules due to hormonal secretion are thought to cause hyperintensity of the anterior lobe on T1WI. 20 Such hormonal hyperactivity was also observed in women during pregnancy and postpartum as anterior pituitary hyperintensity. 24, 25 A weak correlation between the pituitary/ pons signal ratio and gestational weeks was shown in this study; these findings were contradictory to those in previous studies targeting prematurely born neonates. 1, 26 The population of fetuses in this study was approximately 11-12 gestational weeks, younger than the ages in previous reports; this difference may be the cause of the discrepancy in the relationship between the pituitary signal and gestational weeks. The pituitary gland did not show any increase in size with gestational age in our study population, probably because an increase in pituitary size may not be evident during a period of weeks or the pituitary may remain nonfunctional, with the fetus relying solely on maternal hormones. 23 Postsphenoid ossification was visualized as a hyperintense intrasphenoidal structure just inferior to the sellar floor. Postsphenoid ossification showed different shapes and increasing size with gestational age and would be expected to progress to mature bone tissue. Postsphenoid ossification showed a hyperintense intras- phenoidal signal on T1WI in 84% of fetuses in this study along the route of the adenohypophyseal stalk of the postsphenoid. The medial ossification centers of the postsphenoid, which later form the sella turcica, usually unite to form a single ossification center, but such unity may not happen as soon as the individual centers form, which may, in turn, cause the variable timing in the disappearance of the craniopharyngeal canal, not restricted to a specific gestational age. 10, 14, 16, 27 Imaging findings for postsphenoid ossification have been discussed in the literature only as hyperattenuation on CT and low intensity on T2-weighted images, 16 and the characteristic appearance of postsphenoid ossification on T1WI as shown in this study has not been previously reported, to our knowledge, due to a lack of fetal MR imaging data on intrasphenoid lesions. Calcification usually appears as a low signal on both T1WI and T2WI, but calcium salts interact with water protons in the process of ossification, in turn slowing the precession to near the Larmor frequency and potentially leading to short T1 relaxation times. 28, 29 Knowledge of the origins of such intrasphenoid hyperintensities and the various shapes (condensed, diffusely spreading, and rimshaped) (Fig 4) may be beneficial for neuroradiologists in understanding the developmental process and avoiding a misdiagnosis of intrasphenoid tumor. Variations in the appearance of postsphenoid ossification may be attributable to the different physical shapes at different steps of the ossification process and the amount of water protons surrounding the calcium salts, but further study is required.
Several limitations to this study must be considered when interpreting these results. All fetuses included in our study were aborted fetuses that had been fixed in formaldehyde. Formaldehyde fixation has been reported to modify T1 and T2 relaxation times of tissues through alteration of tissue microstructures. Such effects mean that our results might differ from those of in vivo fetal MR imaging, but several MR imaging studies have covered formalin-fixed fetal specimens, 16 ,30 and we have demonstrated the similar appearance of fetal pituitary hyperintensity reported from in vivo studies. 1, 31 Further in vivo fetal MR imaging studies may be expected for validation of our results. Another limitation was the small number of cases included in this study, and a larger number of cases might have more precisely clarified the relationship between gestational age and the size of the pituitary gland or postsphenoid ossification. Because negative correlations between pituitary hyperintensity and postnatal time were revealed in 88 neonates 1 and 121 infants, 26 more cases may be required for better evaluation of correlations in this study. In the future, more detailed volumetric analysis of the fetal pituitary gland and postsphenoid ossification with a larger in vivo study population and radiologic-histologic correlations will further enhance the relevance of the present results.
CONCLUSIONS
This study demonstrated that the fetal pituitary gland was hyperintense on T1WI, and both the pituitary/pons ratio and the size of postsphenoid ossification correlated weakly with gestational age. 
